Abstract: Carabid beetles and spiders are at the top of the hierarchy of general invertebrate predators, which can help to reduce the abundance of harmful forest pests. They are also frequently used as environmental indicators. In this paper we analyzed the abundance, species richness and changes in carabid beetle and spider assemblages in three treatments of pine forest regeneration -natural, natural with soil prepared by ploughing and artificial with seedlings planted in ploughed soil. The most beneficial forest regeneration treatment variant of forest regeneration for carabid beetles and spiders was the natural regeneration of pine stands without any preceding soil preparation. Both taxa responded strongly to soil ploughing. We also noted the replacement of forest species by less sensitive open area species. In carabid assemblages, large changes in the trophic structure were observed, as predatory species were replaced by hemizoophages in the ploughed treatments. NOMENC --ABBREVI OAS, GLM etc
Introduction
Poland is a European leader in the total area of forests, which cover 9.2 million ha. In 2015, the forest coverage in Poland, calculated according to international standards, was 30.8% (Forests in Poland 2016) . The maintenance of such a high forest cover in our country and its predicted further growth depend on several factors, including the reproduction of stands. All afforestation efforts in Poland are based on the State Programme for Increasing Forest Coverage, which predicts that the total forest coverage in our country will rise to 33% by 2050 (Kaliszewski et al. 2014) . Scots pine (Pinus silvestris L.) is the dominant species in forest tree stands, and the proportion of this species in the total forest cover in Poland is almost 60% (Forests in Poland 2016) . Sustainable forest management, the aim of which is to support and protect biodiversity by the use of natural regeneration methods and more mixed species stands, has become an overriding requirement in global forest policy (Kaliszewski et al. 2014) . Most new forests in Polish silviculture are created artificially, mainly by planting. Self-planting pine trees as an alternative forest cultivation method should be promoted by making conscious efforts to create suitable conditions, including appropriate soil preparation, for the development of such new tree stands (Pigan 2010) . Studies on various technologies applied to soil preparation under artificial and natural pine stands focus mostly on agrotechnical and economic issues (Szramka 2005 , Hallikainen et al. 2007 , Aleksandrowicz-Trzcińska et al. 2014 ) rather than ecological. Natural regeneration of forests is more difficult than artificial renewal and bears a higher risk of cultured failure. However, it is an ecological approach to forest regeneration for which the potential benefits justify its use in Polish forests. The main advantage is that it contributes to a greater diversity of structures of pine stands, thus improving the processes that occur in forest ecosystems (Junker et al. 2000) . Regeneration of forest communities via spontaneous succession is conducive of the development of more heterogeneous habitats, and therefore enhancing biodiversity (Kędzior et al. 2017 , Sipos et al. 2017 ).
Predatory arthropods play many vital roles in forest ecosystems (Schuldt et al. 2008 , Kotze et al. 2011 ) and their diversity is frequently used to assess the biological condition of habitats in applied forest research (Paillet et al. 2010 , Taboada et al. 2010 , Pedley and Dolman 2014 . The ground beetles and ground-dwelling spiders, owing to their high sensitivity to changing environmental conditions, widespread occurrence and good availability for research, are among the most important bioindicators employed in environmental research (Rainio and Niemelä 2003 , Pearce and Venier 2006 , Maleque et al. 2009 , Koivula 2011 . Moreover, ground beetles and spiders are the taxa that are at the top of the hierarchy of general invertebrate predators which reduce the abundance of forest pests, which are responsible for economic losses. On the other hand, these taxa also indicate some natural and man-made disturbances, such as wildfires (Koponen 2005 , Samu et al. 2010 , forest harvesting (Junker et al. 2000 , Huber et al. 2007 or pollution (Skalski et al. 2015, Tamutis and Skłodowski 2016) . The conventional clear-cutting model with soil preparation as a treatment preceding the regeneration of a forest stand has a strong impact on assemblages of carabid beetles and spiders (Junker at al. 2000 , Huber et al. 2007 , Schwerk and Szyszko 2007 , Skłodowski 2014 . Thus far, choice of sustainable forest practice has been motivated by the need to preserve forest biodiversity, as this approach is less harmful to the environment, can protect assemblages of many groups of arthropods and complies with the Forest Policy , Oxbrough et al. 2014 ).
The main objective of this study is to determine the species composition and diversity, as well as the abundance and structure of carabid and spider assemblages, in naturally and artificially regenerated pine stands. Another aim is to determine the responses of carabid beetles and spiders to disturbances caused by the establishment of regenerated pine forests. We predict that naturally regenerated forest stands without soil preparation treatments will be characterized by greater abundance and a higher number of species of grounddwelling carabid beetles and spiders than naturally regrown forests on ploughed soil or artificially regenerated stands. Another purpose of our research is to verify whether soil ploughing under regenerated pine forests results in changes in the structure of the assemblages of carabids and spiders, with such manifestations as decreased abundance of forest predatory species and consequent increase in numbers of open habitat species.
Materials and methods

Data collection
The experiment was conducted in northeastern Poland (Fig. 1a) . The research sites represented three treatments: N -naturally regenerated pine stand -plots without previous soil preparation, N + P -regeneration of natural pine forest with traditional soil preparation (ploughing with a double moldboard forest plough), A -artificial regeneration of pine stand (by planting) with traditional soil preparation (ploughing with a double moldboard forest plough).
Four research sites in each treatment (12 sites in total) were selected in two Forest Districts (Kudypy and Olsztynek), situated about 50 km away from each other (Fig. 1b) . The research sites were selected so as to ensure that the parameters which characterised them were as similar as possible, and therefore the sites could be treated as replications of the analysed pine regeneration treatments. In both forest districts, before tree felling, the research sites had a fresh mixed coniferous forest with a distinct prevalence of pine (at least 80%) in the tree stand, growing on moderately wet brown podzolic soils. Also matrix around the sites was similar, with mixed coniferous forest with predominance of pine trees in age between 40 and 100. On the studied sites the trees were felled in 2014, and the pine trees' cutting age was 101-126 years. In 2015, on previously prepared soil for artificial regeneration (A) and natural regeneration on ploughed soil (N+P), the soil was ploughed with a double moldboard forest plough. In the spring of 2016, the artificial regeneration site was planted with pine seedlings, while the remaining area was left for self-planting from the so-called biogroups, i.e. fragments of tree stands comprising approximately 5% of the trees remaining on the cleared forest sites. An algorithm used to select areas for common pine afforestation was based on economic data contained in the forest management plan comprising: composition of tree stands (pine trees) and a habitat which raises the hope that natural afforestation will succeed (fresh mixed coniferous forest exposed to small competition by the In both Forest Districts, two sites, at least 200 m from each other, were selected for each combination (Fig. 1b) . On each research site, six Barber traps were installed to catch epigeic entomofauna. Traps were set every 10 meters along transects running through the center of each research site. Insects were trapped from the second half of April to mid-October 2016. The traps were emptied every two to three weeks and whole time series of a trap was treated as one sampling unit. The trap is the elementary sampling unit.
Data analysis
The collected material was identified to species. Spiders were identified using a key (Netwig et al. 2017 ) and following the nomenclature of the World Spider Catalog (2017). Habitat affinity characteristic (FS -forest spiders, G -generalist spiders, OAS -open area spiders) were derived from Hänggi et al. 1995 . For the Carabidae, the key of Hůrka (1996) and nomenclature proposed by Aleksandrowicz (2004) were used. Carabid beetles were analysed in terms of their species composition, abundance, richness and some life history traits. Life history traits used in the analysis were food preferences (Hz -hemizoophages, and carnivores: Lc -large >15 mm, Mc -medium 15-5 mm, Sc -small < 5 mm) and habitat specialization (F -forest species, G -generalists, OA -open area species). In order to specify ecological characterIn order to specify ecological characterecological characteristics of the Carabidae, we referred to the following papers: Sharova (1974) ; Lindroth (1985 Lindroth ( , 1986 ; Aleksandrowicz (2004) . The Shannon species diversity index (H', natural logarithm) was used to identify the diversity of carabid and spider assemblages. Differences between mean values of abundance, number of species, and diversity index, as well as the total abundance of invertebrates representing particular life traits between the study sites, were tested using general linear mixed effect model (GLMM), in which location was a random factor, and the fixed effects included treatment (treatment nested in location). The differences between the types of regeneration methods were compared using the Bonferroni post-hoc test. The analyses were performed using STATISTICA for Windows v. 12. Indirect ordination of carabid beetle and spider assemblages was performed using non-metric multidimensional scaling (NMDS). NMDS was calculated in PAST software (Hammer et al. 2001 ) on a BrayCurtis similarity matrix. The distance between assemblages was analyzed by ANOSIM (Anderson 2001 ) using the PAST software. Similarity percentage analyses SIMPER (also calculated using PAST software) (Clarke 1993 ) were used to determine the relative contribution of various species to the pine stand regeneration treatments.
Results
In total, 5194 individuals representing 70 species of carabid beetles and 3459 spiders representing 83 species were collected. The sampled material was analyzed for the three pine regeneration treatments (Table 2 ). Both groups of invertebrates were most numerous in naturally regenerated pine stands. The most abundant carabid beetle species were Harpalus rufipes (17%), Harpalus rufipalpis (16%), Amara lunicollis (15%), Carabus arvensis (9%) and Pterostichus oblongopunctatus (8%). The most abundant spider species were from the Lycosidae family and included Pardosa lugubris (18%), Pardosa pullata (10%), Trochosa terricola (9%) and Pardosa riparia (8%).
The Shannon species diversity values were high for both carabid beetles and spiders in comparison to other forest studies. The naturally regenerated pine forest without ploughing was distinguished by a particularly high Shannon diversity for spider species (Table 2 ). The GLMM revealed that differences in assemblage characteristics were influenced by location, even though the research sites had been selected on the basis of their parametric similarity. The post-hoc Bonferroni test showed that the number of individuals, species richness, and Shannon diversity of spiders were significantly higher in naturally regenerated forests (N) than in the other treatment (Fig. 2) . Statistically significant differences were also recorded between the types of regenerated forest with respect to average numbers of carabid beetle individuals and species caught, although here the location of the study sites was not a significant factor (Table 3 ). The highest average number of carabid beetles was recorded in the natural regeneration treatment without soil preparation (Fig. 3) The lowest number of beetles was recorded on sites with the treatment regeneration with natural pine on ploughed soil. The average number of carabid species in artificially regenerated forest was the highest and statistically different than in the natural regeneration treatment with soil preparation (Fig. 3) . In the case of the mean diversity index, treatment was not a significant factor, unlike location (Table 3, Fig. 3 ).
The NMDS analysis demonstrated high variation of the analyzed assemblages of carabids and spiders (Fig. 4) . In the case of carabid beetles, their assemblages from natural (N) and artificial (A) treatments were totally different. The diagram shows a high degree of order within the carabid beetle assemblages in the natural sites without soil preparation and in the artificial pine wood (Fig. 4 -left) . The natural restoration of a forest on ploughed soil treatment (N+P) is characterized by great disorder and haphazard distribution of species. It encompasses large parts of forests regenerated without human intervention, as well as artificially created woods. Regarding the spiders, all variants of the experiment had a shared set of species, but they also showed considerable dissimilarity (Fig. 4 -right) . The most different assemblages of spiders were found in the natural pine regeneration site (N).
The composition of the most numerous species of carabids and spiders in the regenerated forests was similar. The SIMPER analysis shows which of the species had the strongest effect on the differences between the examined assemblages. With respect to carabid beetles, when the naturally restored forest without ploughing treatment (N) was compared with the naturally regrown forest with previously ploughed soil treatment (N+P), the degree of dissimilarity reached 67.48% (Appendix , Table A1 ). The largest contribution to this discrepancy was made by the species A. lunicollis, C. arvensis, H. rufipalpis, P. oblongopunctatus, H. rufipes and Table 2 . Number of individuals and species of Carabidae and Araneae and diversity in three pine regeneration treatments (N -natural, N+P -natural with ploughed soil, A -artificial). Pterostichus niger. The dissimilarity percentage between the naturally regenerated site without ploughing (N) and artificially restored forest site (A) equalled 67.02, and the species which contributed the most to this discrepancy were A. lunicollis, which most strongly avoided artificial forest sites, and H. rufipes, which was much more numerous in the artificial than the natural sites. This species, together with H. rufipalpis, preferred habitats with artificially planted pine trees and had the main influence on the pattern of differences between the habitats with artificially regenerated forest (A) and with naturally grown forest on ploughed soil (N+P), where the general dissimilarity index was 63.04%. With respect to spiders, species of the family Lycosidae comprised most of the assemblages and had an effect on the differences between the groups (Appendix , Table A2 ). The dissimilarity between the naturally regenerated forest without ploughing (N) and naturally regenerated forest on ploughed soil (N+P) was 77.39%. The greatest influence on the differences between the taxa was demonstrated by P. lugubris, Pardosa palustris and P. riparia. The percentage of dissimilarity between the naturally (N) and artificially (A) regenerated forests was 77.25, and was mostly contributed by P. lugubris and P. pullata. These species also contributed the most to the differences between assemblages of arachnids caught in the naturally regenerated forest on ploughed soil (N+P) and artificially regenerated forest (A).
Carabid beetles and spiders are known to be good bioindicators because of their sensitivity to environmental changes and certain life history traits, which were also analysed (Table 6 ). Considerable differences in the mean abundance of various ecological groups of carabid beetles and spiders were recorded according to treatment and location (Table 7) . Feeding preferences are an important factor in the structure Two tables (4,5) were moved to the appendix, the others must be renumbered and references checked. Old table 6 becomes table 4 etc... of carabid assemblages. Hemizoophages were the most numerous group of carabids, with respect to the number of both species and individuals recorded (Table 6 ). They preferred naturally regenerated forests without soil preparation (Fig.  5) . Large predators responded even more strongly to both treatment and location than the hemizoophages did (Table 7) . They appeared in substantially higher numbers in the naturally regenerated forest on unprepared soil than in the other two types of regenerated stands. When a forest regrew on ploughed soil, the number of hemizoophages decreased considerably. However, there were no significant differences in the abundance of medium and small predatory carabid beetles between the three treatments (Fig. 5) . Regarding habitat requirements, statistically significant differences were recorded according to treatment (Table 7) . The most numerous group comprised open habitat beetles, which were constituted more than half of the assemblages in all three treatments (Table  6) . A statistically significantly lower number of open habitat carabid beetles was recorded in the naturally regrown forest on ploughed soil (N+P) compared to the other two treatments (Fig. 6 ). Forest ground beetles, which constituted about 30% in all carabid assemblages, evidently preferred natural forests (N) without any ploughing -their number in such forests was much higher than in the other two treatments. Generalist species tended to choose artificially regenerated forest stands (A), where their number was statistically higher than in natu- rally regenerated forests. Spiders were also analyzed in terms of their habitat preferences. With respect to the number of spiders captured in each treatment, the most numerous were open habitat species (Table 6) . Concerning the number of species, this group was also very large, especially in artificially regenerated forest stands. The second most numerous group comprised forest spiders. In the naturally regenerated forest on ploughed soil, their proportion exceeded 59%. In natural forests, with no human intervention, this group comprised 33% and 41% with respect to the number of species and the number of individuals, respectively. Differences in the mean numbers of caught Araneae individuals between the treatments and depending on their habitat preferences, were significant (Table 7 ). In respect of the forest species, they appeared significantly more numerously in the naturally regenerated forest on unploughed soil (N). The other two treatments did not differ significantly from each other (Fig. 7) . A similar relationship was observed in the case of generalists. Open habitat spiders were also most numerous in the naturally regenerated forest, being significantly less numerous in both ploughed treatments.
Discussion
Proper management of forests is an issue that foresters and forest researchers have been considering for decades. The appropriate management of forest resources is linked to many aspects, e.g. practical, economic or, seen very broadly, environmental issues. The latter comprise questions related to biodiversity. Natural regeneration of tree stands is an approach that can contribute to the enhancement of biodiversity (Matuszkiewicz et al. 2013) , although the Report of the State of Europe's Forests (2015) suggests that natural regeneration is not always a suitable method leading to the attainment of the conservation goal. One of the techniques to trace sustainability in forest management is the monitoring of indicator species (Pearce and Venier 2006, Jelaska et al. 2011) . In our studies conducted on invertebrates from the Carabidae and Araneae taxa in naturally and artificially regenerated pine forests, high numbers of individuals and a rich species diversity were recorded. Some authors (Niemelä et al. 1993 report that carabid beetles in particular respond to any disturbances, e.g. felling of trees, by increasing their species richness. The pine regeneration treatments were established on cleared forest sites, which may have induced the observed response of the analyzed invertebrates, which were colonizing a new territory, thus taking advantage of new sources of food. Oxbrough et al. (2006) , in a study on spiders, pointed to fragments of open space in forests as contributors to the species richness of forests. Both carabid beetles and spiders yielded much higher numbers of individuals in natural stands, without human intrusion into soil preparation. Despite the significantly lower abundance in regenerated forests on ploughed soil, carabids did not respond to this factor as strongly as spiders. Similar observations have been reported by Oxbrough et al. (2005) and Pedley and Dolman (2014) . Regarding Araneae, their abundance and number of species decreased dramatically in pine sites regenerated on ploughed soil, whether it had been prepared for naturally or artificially planted pine trees. Natural regeneration of pine forests was distinguished by a very high (compared to the other types of tree renewal) value of the Shannon index of diversity (H' = 3.169). However, this index demonstrated significant differences in the pine stands regenerated in different ways only for spiders. The diversity of carabid beetles was affected by location rather than treatment. It is difficult to determine the underlying reasons, because the sites selected for the research were very similar to one another in the habitat, composition of tree stands, soil conditions or moisture, as well as bearing some semblance in the forest management both before and after tree felling, or the neighbouring areas, which consisted of fresh coniferous forest with the prevalence of pine. Most probably, the microclimate characteristic for each site, or some other factors which we did not examine, contributed to the fact that the location in some cases was more significant than the distinctly seen treatment. However, in the vast majority of the analyses, it was the treatment effect that proved to be more significant statistically in terms of individuals and species of carabid beetles than the location.
Some researchers claim that overall diversity is not a good indicator to describe the effect of silvicultural processes on assemblages of invertebrates, indicating the role of functional traits of these animals (Pohrl et al. 2007 . Also in our study, a negative effect of soil ploughing on life history traits was observed. Many studies suggest that this factor as a substantial one in changes within the structure of assemblages of invertebrates (Kromp 1999 , Holland and Luff 2000 , Skłodowski 2010 , 2014 , 2016 , Kosewska et al. 2014 . Nagy et al. (2015) in their studies of Staphylinidae, recommended that mechanical soil preparation before reforestation should be omitted during forest management. They claim that mechanical soil preparation eliminates the original microsites and alters microclimatic conditions, which cause the disappearance of sensitive specialist species. Also Tamutis and Skłodowski (2016) concluded that the establishment of cleared forest and ploughing had a negative influence on forest rove beetle species. A similar relationship was observed in the case of carabid beetles and spiders. The proportion of the forest fauna is largely reduced to the advantage of open habitat species among both Carabidae and Araneae. Pearce and Venier (2006) , as well as Nagy et al. (2016) , attribute this development to several factors, including the elimination micro-environments that are essential for the forest fauna, which leads to their gradual disappearance and replacement by more adaptable species. In our study, the most flexible species of carabid beetles, not responding significantly to ploughing, were the ones which belonged to medium and small zoophages. As a rule, species which belong to these ecological groups are indicated as the first to colonize new areas (Purvis and Fadl 2002) which was also noted in the pine regeneration sites we studied.
In order to determine the differences in the composition of carabid beetles and spiders, we used the SIMPER analysis, which is based on the degree of dissimilarity between assemblages, and which can show which species have the greatest influence on the differences. The SIMPER analysis enabled us to identify the species which were the main dominant species in each treatment. Among the forest carabid beetles, the species C. arvensis demonstrably avoided ploughed soil surfaces. Similarly, P. niger and P. oblongopunctatus were more numerous in tree stands with natural regeneration. Among the carabid beetles which preferred tree stands on artificially prepared, ploughed soil, there were typical species of arable fields, e.g. H. rufipes, H. rufipalpis, or Poecilus lepidus. Skłodowski (2010) , who studied the influence of various types of soil preparation in cleared forests on carabids, also demonstrated the relationship between more intensive soil preparation and the occurrence of P. lepidus, and a correlation between the presence of C. arvensis and reduced soil preparation. Among the spiders, the most numerous forest species P. lugubris and P. riparia clearly preferred natural tree stands without soil preparation. The artificially regenerated forest was dominated by P. pullata, which is an open habitat species. According to Pearce and Venier (2006) , tree cutting does not eliminate all the fauna dwelling in a given site but leads to partial replacement of forest species with open habitat ones, which was also the case in this study. This finding provides evidence that human intrusion into the environment can contribute to the replacement of forest species by more tolerant open habitat species and generalists.
Large changes could also be observed in the trophic structure of carabid beetles. Some authors conclude that the predatory fauna is being replaced by a hemizoophagous one under unfavourable external conditions (Skłodowski 2014 , Kosewska et al. 2014 , Skalski et al. 2015 . In the studied sites, the abundance of large predators, highly valuable in forest ecosystems, decreased in disturbed artificial and ploughed pine regeneration. Hemizoophages, which were the most numerous in all the experimental sites, are characteristic of man-made cultivations, although regeneration of a forest is a type of cultivaregeneration of a forest is a type of cultivation, in which some groups of animals such as carabid beetles and spiders are exposed to unstable conditions.
Conclusions
Natural pine regeneration can induce an increase in the diversity of some predatory arthropods, such as Araneae, in forests. Natural regeneration of pine stands without any preceding soil preparation, is the most beneficial variant of forest regeneration for carabid beetles and spiders. Preparation of soil by ploughing could be a factor which disturbs the stability of assemblages of ground beetles and spiders, leading to the replacement of forest species by open habitat species. 
